through grafting with diseased budwood (Halbert and Manjunath, 2004) . A recent study reported on the association of a phytoplasma with disease symptoms typical for HLB in citrus-growing areas in São Paulo State, Brazil (Teixeira et al., 2008) . Presently, it is not known which vector is involved in the transmission of this pathogen.
HLB affects all known citrus species and citrus relatives with little known resistance and no known cure. Major management strategies are insecticide applications to reduce psyllid populations, removal of infected trees to eliminate sources of bacterial inoculum, and the establishment of pathogenfree nursery systems. Although extensive efforts have been made to establish screenprotected sources of budwood for nursery propagations, currently most of the seed source trees for rootstock propagation are unprotected outdoors. There is also concern that seeds from infected scion varieties in Florida transported through fresh fruit commerce may introduce EILB into countries or areas not yet affected by the disease.
Little information exists on whether Ca. Liberibacter sp. is transmissible by seed. Tirtaw 1 idjaja (1981) reported on the occurrence of stunted chlorotic seedlings with mottled leaf symptoms derived from fruit affected by citrus vein degeneration regarded as synonymous to HLB, suggesting the possibility of seed transmission of the pathogen. Graham et al. (2008) observed a small percentage of seedlings positive for Ca. L. asiaticus grown from seeds of HLB-affected citrus trees using quantitative polymerase chain reaction (PCR) analysis. The pathogen was also detected in citrus seedlings from seeds of symptomatic fruit from several citrus varieties, although detection of the bacterium by PCR did not correlate with the appearance of disease symptoms (Hartung et al., 2008) .
Transmission of diseases by seed has been demonstrated for various bacteria such as Xanlhomonas axonopoths pv. phaseoli in bean (Darrasse et al., 2007) and Acidovorax avenue ssp. citrulli in watermelon (Walcott et al., 2003) , and different infection pathways for seedborne pathogens have been described. Seeds may become contaminated externally by flower and fruit as a result of contact with bacterial populations on symptomatic tissue (Kaufman and Leben, 1974) or through internal infection by stylar tissues (Walcott et al., 2003) . In addition, internal contamination of the seed can occur by systemic movement of the pathogen through the vascular system (Agarwal and Sinclair, 1987; Aggour et al.. 1989) . Studies on the distribution of Ca. L. asiaticus in different citrus tissue demonstrated the presence of the pathogen in seedcoats and other pans of fruit from infected trees as well as in different parts of the flowers (Tatineni et al.. 2008) . However, the systemic transmission of liberibacters from fruiting tree, to seeds, to developing seedlings remains to be determined.
The main objectives of this study were to investigate the effects of Ca. L. asiaticus infection on seed quality and seedling HORTSCIENCE 44(7) :1967-1973. 2009 .
Candidatus Liberibacter asiaticus and Huanglongbing Effects on Citrus Seeds and Seedlings
Ute Albrecht' and Kim D. Bowman Agriculture, Agricultural Research Service, 2001 South Rock Road) Fort Pierce, FL 34945 Additional index words, citrus greening, rootstock genotypes, sweet orange, seed quality, seedling growth, seed transmission Abstract. Huanglongbing (HLB) is devastating disease of citrus and threatens the citrus industry worldwide. The suspected causal agent of the disease is a phloem-limited bacterium of the genus Cana'idatus Liberibacter transmitted through insect vector or grafting with diseased budwood. Currently, most seed source trees For citrus rootstock propagation are located outdoors and unprotected from disease transmission. In addition, fruit from HLB-affected scion varieties in Florida containing seeds enter the commercial trade and move into other citrus-growing areas. The objective of this study was to determine how Ca. L. asiaticus infection affects seed quality and seedling development and whether the disease appears in seedlings grown from infected fruit. Two experiments were conducted involving thousands of seedlings produced from seeds from infected rootstock seed source trees and 'Valencia' sweet orange trees, respectively. Infection of trees and fruit with Ca. L. asiaticus significantly reduced seed weight, seed germination, and seedling height. Seedlings did not develop symptoms typical of HLB throughout the experiment. Polymerase chain reaction (PCR) analysis initially identified two of 686 rootstock seedlings and three of 431 sweet orange seedlings positive for the pathogen when they were ver y young. Resampling and PCR analysis of these five seedlings at older ages consistently indicated they were negative for the pathogen and none of these plants ever developed symptoms of HLB. It is suggested that Ca. L. asiaticus may have been translocated into some part of the embryo during seed development but that it was not present in cells or tissue, which permitted replication or disease development as the seedling grew. (Table I) . Seedlings were grown under natural light conditions in the greenhouse at an average weekly temperature of 23 to 28 °C and fertilized weekly by addition of a water-soluble fertilizer mix, 20N-IOP-20K (Peters Professional; The Scoffs Company, Marysville, OH). Groups of plants from each fruit were arranged randomly on the greenhouse benches within each genotype. To examine the effect of increased stress on disease development, fertilization was stopped 5 months after sowing after the assessment of seed germination. Seedling size was determined from a random subset of seedlings 6 months after sowing.
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Valencia'sweet orange. Individual seeds were sown as described for rootstock genotypes in June 2008. A total of 1743 seeds were sown, of which 1256 originated from fruit affected by HLB. Seedlings were grown under natural light conditions in the greenhouse at an average temperature of 26 to 28°C and were fertilized weekly as described previously. Groups of plants from each fruit were arranged randomly on the greenhouse benches.-Germination rate and seedling size were determined 7 weeks after sowing.
Collection of tissue for polymerase chain reaction analysis
For PCR analysis of field-grown trees, petioles and midribs from six symptomatic leaves were collected per tree. Fruit peduncles were collected individually from 135-802, sour orange, C. inacrophylla, and Vangasay lemon. As a result of their small size, peduncles from Sun Chu Sha and Cleopatra mandarin were pooled into groups of four. Peduncles from 'Valencia' oranges were combined for each set of 12 fruit and analyzed collectively.
For PCR analysis of greenhouse-grown rootstock seedlings, petioles and midribs from six leaves were collected from a subset of 338 seedlings at 4 to S months after sowing. PCR analysis was repeated 2 months later with a different subset of 348 seedlings. Only seedlings from fruit or groups of fruit exhibiting the strongest PCR signals for Cu.
L. asiatieus after peduncle analysis were selected for tissue collection. The number of seedlings analyzed for each genotype is shown in Table 2 . Seedlings that tested positive for Ca. L. asiaticus were reanalyzed at 7, 9. and IS months after sowing.
To ensure the detection of a possibly transient presence of Ca. L. asiaticus fit the plant tissue, PCR analysis of greenhousegrown 'Valencia' seedlings was performed soon after germination. The first pair of leaves emerging above soil level was collected from each seedling 7 to 10 weeks after sowing when seedlings reached a minimum height of 4 to 5 cm and leaves could be removed with minimal impact to the plant. Leaf samples were collected from 12 seedlings per fruit set where possible, resulting in a total of 431 samples. Seedlings from all fruit sets were included in the analysis. Seedlings that tested positive for Ca. L. asiaticus were reanalyzed 4 weeks and 9 months after the initial analysis. This time petioles and midribs were collected for PCR detection. Ten weeks after sowing, some of the 'Valencia' seedlings from noninfected and infected fiusit developed a chlorosis resembling iron-deficiency symptoms. Leaf tissue from 91 of these chiorosis-affected seedlings derived from infected fruit was collected and subjected to PCR analysis. Deficiency symptoms were rcmediated within 2 weeks through a soil application of chelated iron (Sequestrene 138; Becker Underwood Inc., Ames, IA) at a rate of I gL and reduced watering.
Plant tissue was stored at -20 °C until PCR analysis.
Polymerase chain reaction detection of Cu. L. asiaticus
Leaf tissue was ground in liquid nitrogen with a mortar and pestle. One hundred milligrams of ground tissue was used for DNA extraction. DNA was extracted using the Plant DNeasy Mini Kit (Qiagen, Valencia, CA) according to the manufacturer's instructions. To monitor the possibility of contamination during the extraction process, DNA controls were prepared from leaves of Mangifera tad/ca (mango), a nonhost of Ca. L. asiaticus, at a rate of one control per 25 citrus samples. PCR amplifications were performed in singlestep reactions using primers F] (5'-TGAA TTCTFCGAGGrrGGTGAGC-3) and RI (5 '-AGAA'fl'CGACflAATCCCCACCT-3') as described by Ding et al. (2005) . Reactions were performed in closed 0.2-mi. PCR tubes (eight-tube strips; USA Scientific, Ocala, FL) in a total volume of 12.5 iL using the Platinum SuperMix (Invitrogen. Carlsbad, CA). Each reaction included I to 2 ktL of DNA template, equivalent to 20 to 30 ng of total DNA, and 0.5 p.L of each primer at a final concentration of 0.5 .tmol each. Amplifications were carried out In duplicate in a PTC-100 or PTC-200 Thermal Cycler (Mi Research, Reno, NV), PCR products were separated by electrophoresis in 2% agarose gels (Amresco. Solon, OH) for 70 mm at 5 to V.cm_t, stained with ethidium bromide, and visualized under ultraviolet light (Fluor S Imaging System; Bio-Rad Laboratories, Hercules, CA). A comparison with quantitative real-time PCR using primers developed by Li et al. (2006) showed that amplification products generated with primers F I and F2 are detectable well within the range of Ct values considered diagnostic for HLB.
Statistical analyses
Analysis of variance (ANOVA) was conducted to determine the effect of Ca. L. asiaticus infection on seed number, seed "eight, seed germination, and seedling size: Significant (P < 0.05) ANOVA tests were followed by multiple comparisons of means using Tukey's honestly significant difference procedure. All analyses were performed using STATISTICA Version 6.0 (StatSoft, Tulsa, OK),
Results
Effect of Ca. L. asiaticus on rootstock seed quality and seedling growth. PCR analysis of peduncles from a total of 424 fruit collected from infected field trees identified 219 fruit positive for Ca. L. asiaticus (Table 3) . Of the 8653 seeds from infected trees, a total of 7254 produced viable seedlings with 3557 derived from fruit with peduncles positive for the bacterium.
The average number of seeds per fruit ranged from 10 seeds for Sun Chu Sha to 45 seeds for 05-802 and did not differ significantly between infected and noninfected fruit in five of the six genotypes studied (Table 4) . However, the number of seeds in sour orange fruit from the Whitmore Foundation Farm exceeded 37 (P 0.000 1), which is more than double the number of seeds per fruit collected front and noninfecied trees of the same cultivar at the Fort Pierce location.
Seed weights ranged from 85 mg for seeds from Vangasay lemon to 266 rug for seeds from 05-802 (Table 4) . Infection significantl.y 4P = 0.014) reduced the weight of seeds from C. macrophylla from 130 mg for healthy control trees to 96 mg for seed from infected fruit from the Fort Pierce location. A similar effect (P = 0.006) was observed for seeds from Sun Chu Sha, which weighed 98 mg when produced in infected fruit compared with 108 mg to 112 mg when produced in noninfected fruit. Seeds from both PCRpositive and -negative sour orange fruit from infected frees at Fort Pierce weighed significantly (P = 0.004) less compared with seeds from the Whitmore Farm,
Percentage of germination was significantly affected by Ca. L asiaticus in seeds from Sun Chu Sha (P = 0.003) and sour orange (P = 0.047), which had gemination reduced from 96% to 86% and 76% to 62%, respectively (Table 4 ). It could not be clearly determined whether significant differences between germination for seeds from the Fort Pierce Farm and the Whitmore Farm for the eultivars C. macrop/tylla, Vangasay lemon, and Cleopatra mandarin were related to infection by Ca. L. asiaticus or other environmental effects.
The average number of seedlings per seed ranged from 1.1 in sour orange to 1.8 in C.
nacrophyl1r4 and was not significantly aflècted by the bacterium.
More than 13,000 seedlings were produced from seeds from all fruit sources, and a random subset of 3,812 seedlings was analyzed to evaluate the effect of Co. L. asiaticus on 23  69  21  23  69  Sour orange  10  50  0,  10  50  Total  86  338  2  86 148 'Seedlings were selected from fruit exhibiting the stron gest PCR signals for Co. L. asiaticus after peduncle analysis. Leaf midribs and petioles were collected 4 to 5 months (first collection) and 6 to 7 months (second collection) after sowing. 'Repeated PCR analysis of seedlings 7, 9. and IS months after sowing yielded negative PCR results. PCR = polymerase chain reaction. seedling growth. Seedling height at 6 months after sowing ranged from 20 cm in sour orange to 51 cm in C. macrophvlla (Table   5 ). Presence of the bacterium in source trees or source fruit significantly reduced the height of seedlings from some rootstock genotypes. For C. macrophylla and US-802, this effect was limited to seedlings from PCR-positive fruit (P < 0.002). For the cultivars Vangasay lemon, Cleopatra mandarin, and Sun Chu Sha, height of seedlings from both PCR-positive and -negative fruit from infected trees at the Fort Pierce location was reduced when compared with seedlings from noninfected trees from the Whitmore Farm (P < 0.01). However, the reverse was true for sour orange seedlings, which were significantly (P = 0.006) smaller when derived from seeds from the Whitmore location.
Throughout the experiment, none of the seedlings from any source displayed leaf symptoms characteristic of HLB such as blotchy mottle or yellowing of the veins. Fertilizer removal 5 months after sowing resulted in overall yellowing of leaves of seedlings from all fruit sources without noticeable difference between seedlings from fruit positive or negative for Ca. L. asiaticus.
Once fertilization resumed, seedlings quickly regained their regular dark green coloration. L. asiaticus, 338 and 348 were sampled and tested 4 to 5 months and 6 to 7 months, respectively, after sowing. Seedlings were selected from fruit with the strongest PCR signals obtained after peduncle analysis. PCR analysis of petiole and midrib samples of the seedlings detected two of 338 seedlings positive for the bacterium 5 months after sowing (Table 2) . However, signal strength of the PCR products was weak (Fig. 1) . Both seedlings were of the genotype Sun Chu Sha and originated from seeds of the same fruit. Repeated PCR analysis of both seedlings 7, 9, and 15 months after sowing resulted in negative results and neither plant displayed abnormal growth characteristics or leaf symptoms typical of HLB.
Polymerase chain reaction detection of
Effect of Ca. L. asiaticus on sweet orange seed quality and seedling growth. PCR analysis of peduncles from HLB-affected fruit confirmed the presence of Ca. asiaticus in all 'Valencia' fruit samples collected from infected trees located at the USHRL Farm in Fort Pierce. A total of 1256 seeds was collected from these fruit compared with 451 seeds collected from trees at the same location that tested negative for the bacterium.
Ca. L. asiaticus infection significantly (P = 0.0005) reduced the average number of seeds in 'Valencia' fruit from 3.8 seeds in noninfected fruit to 2.9 seeds in infected fruit. Similarly, seed weight and percentage of germination were reduced from 213 mg to 172mg(P=0.00l) and from 88%to71%(P 0.006), respectively. The number of seedlings per seed was 1.4 on average and was not significantly affected by the pathogen. Seed germination and number of seedlings per seed were determined 5 months after sowing. Data not obtained as a result of logistical constraints are indicated by the dashes. Numbers in each column followed by different letters are significantly different according to Tukey's honestly significant difference test (P < 0.05). PCR = polymerase chain reaction. A total of 1313 viable seedlings was produced from seeds, of which 918 originated from fruit positive for the bacterium. Seedlings from fruit infected with Ca. L. asiaticus were significantly (P = 0.004) smaller than seedlings from noninfected fruit at 7 weeks of age with an average seedling size of 4.5 cm and 5.4 cm, respectively.
Polymerase chain reaction detection of Ca. L. asiaticus in sweet orange seedlings. Of more than 900 seedlings derived from fruit positive for Ca. L. asiaticus, 431 seedlings were analyzed by PCR 7 to 9 weeks after sowing. Analysis of the first pair of leaves emerging above soil level identified three seedlings positive for the bacterium, although PCR signals were weak (Fig. 2) . None of the three seedlings displayed any symptoms characteristic for HLB at the time of collection or at any later time point during the experiment. Repeated analysis of midribs and petioles 4 weeks and 9 months after the initial analysis resulted in negative PCR results.
Throughout the experiment, none of the 'Valencia' seedlings developed the blotchy mottling or yellowing of the veins typical of HLB. However, 10 weeks after sowing, leaves from a number of seedlings from both infected and noninfected fruit developed mineral deficiency symptoms-yellowing and bleaching of the leaves-typical of iron deficiency. A total of 27 seedlings (4.8%) from healthy fruit was affected compared with 107 seedlings (8.3%) from fruit positive for Ca. L. asiaticus. Leaf samples were collected from all of the yellow seedlings derived from infected fruit that were large enough for sample collection and subjected to PCR analysis. PCR detection of Ca. L. asiaticus resulted in negative results for all yellow seedlings tested, and deficiency symptoms were remediated on all seedlings within 2 weeks through a soil application of iron chelates and reduced watering.
Discussion
In a recent study investigating the distribution of Ca. L. asiaticus in different tissues of infected citrus trees (Tatineni et al., 2008) , highest concentrations of the bacterium were found in fruit peduncles, evidence of the systemic distribution of the bacterium extending to the reproductive structures of the host plant. In the present study, peduncles of more than half of the 424 fruit collected from infected rootstock seed source trees located at the Fort Pierce Farm were positive for the pathogen. Infection of trees and fruit with Ca. L. asiatidus significantly reduced the seed weight in three of the six rootstock genotypes examined and reduced seed germination in all genotypes with the exception of US-802. Seedlings derived from infected source trees were significantly smaller in five genotypes. However, location of the source trees may have contributed to some of the differences noted. Results from the second experiment performed using infected 'Valencia' sweet orange fruit noticeably affected by HLB confirmed the results obtained for rootstock source trees. Fruit infection significantly reduced the number of seeds per fruit, seed weight and seed germination by 19% to 24%, and also reduced the height of emerging sweet orange seedlings by 17%. In another study, lower germination rates along with a reduced weight of embryos were also detected in seeds from sweet orange fruit infected with Xylella fastidiosa, a xylemlimited bacterium and causal agent of citrus variegated chlorosis (Li et al., 2003) . The negative impact of Ca. L. asiaticus on seed quality and seedling development could be the result of inadequate nourishment of the seeds caused by blockage of the translocation stream from the maternal tissue to the developing embryos. Because phloem transport generally occurs from source areas to sink areas such as developing fruit, phloem blockage may also affect parts of a tree distant from the infection site, leading to the impaired seedling development observed in some rootstock seedlings from infected fruit without detectable pathogen. Blockage of the translocation stream as a result of infection with liberibacters has been suggested by Schneider (1968a) . Garcia-Luis et al. (2002) demonstrated that the transport capacity in the phloem of the peduncles does not limit fruit growth in C. clementina and that fruit growth is more closely related to the leaf area and current photosynthesis. It is likely that metabolic changes caused by Ca. L. asiaticus, particularly those associated with carbohydrate metabolism and photosynthesis Bowman, 2008a, 2008b) , contribute to the negative effect on fruit and seed development in citrus.
Examination of more than 7000 seedlings produced from seeds from rootstock source trees infected with Ca. L. asiaticus did not discover any seedlings with disease symptoms associated with HLB. Nearly half of the seedlings (3557) were produced from fruit with peduncles positive for the pathogen. That Ca. asiaticus infection can cause stunting and yellowing or mottling of the leaves in citrus seedlings younger than 6 months of age was apparent in inoculation experiments performed in our laboratory using fieldcollected infected psyllids (data not shown). The absence of disease symptoms in rootstock seedlings is contradictory to the findings of Tirtawidjaja (1981) who reported stunted, chlorotic seedlings derived from seeds of HLB-affected citrus fruit, of which three had the same mottled appearance as psyllid-inoculated seedlings. Despite the absence of disease symptoms, PCR analysis of 686 individual rootstock seedlings detected two seedlings (0.3%) positive for the bacterium. However, PCR products were weak and repeated analysis of the two plants at later time points, including 15 months after sowing, produced negative results.
To confirm these findings, more than 900 'Valencia' sweet orange seedlings produced from infected fruit were analyzed in the second experiment. PCR analyses were conducted soon after germination to ensure detection of a possibly transient presence of the bacterium in the plant tissue. Three of the 431 seedlings tested (0.7%) yielded weak PCR products specific for Ca. L. asiaticus. Repeated PCR analysis at a later time point yielded negative results, corresponding to the results from rootstock seedlings. Similar to rootstock seedlings, none of the 918 seedlings from infected sweet orange fruit developed mottled leaves or other growth abnormalities associated with HLB. However, leaf chiorosis resembling iron-deficiency symptoms developed 10 weeks into the experiment in seedlings from both healthy and HLB-affected fruit but disappeared soon after iron treatment and reduced irrigation. Iron chlorosis is often associated with excessive irrigation (Chapman, 1968) and is not uncommon in young emerging seedlings. Because chlorosis was also observed in seedlings from healthy noninfected fruit, it is likely not associated with HLB. PCR analysis of 91 chlorosis-affected seedlings derived from infected fruit yielded negative results for Ca. L. asiaticus, thus supporting this view. The higher percentage of chlorosis-affected seedlings produced from infected fruit compared with healthy fruit is most likely associated with the larger number of small seedlings produced from the former, which are more prone to injury from wet soil conditions. The leaf chlorosis observed by Tirtawidjaja (1981) seedlings PCR-positive for the pathogen (Li et al., 2003) . Only II of the seedlings developed foliar disease symptoms at the age of 4 months, but symptoms disappeared I month later. Citrus fruit are well-vaseularized organs and axial vascular bundles give rise to seed bundles extending along the funiculus into a vascular plexus ending in the chalaza of the developing ovule (Schneider, 1968b) . During seed development, the chalaza produces the integuments-inner and outer seedcoat-and the nucellus, thus providing a pathway for the bacterium to enter the seed. Indeed, Tatineni et al. (2008) demonstrated the presence of Ca. L. asiaticus in seedcoats of seeds from infected citrus fruit. The bacterium was not detected in endosperm and embryos, although only a few samples were analyzed in the study. Similarly, the phloem-restricted mulberry dwarf phytoplasma was detected in seedcoats of dwarf-diseased mulberries, but not in the embryo (Jiang ct al., 2004) , and seed 'transmission of this pathogen has not been reported. Internal infection of seeds by vascular transmission through peduncles has also bcen.detected in;beans inoculated with Xantho,nonas campestris pv. phaseoli (Aggour et al., .1989 ). Planting infected bean seeds did not result in systemic transmission of the bacteria. ' ' , . . Polymerase chain reaction is the main tool for diagnosis of liberibac, ters and other nonculturable phloem,-restricted pathogens. Molecular detection based on DNA sequences is highly sensitive and is not dependent on the viability of the organism. Hence, falsepositive results, resulting: from crosseonta mination such as reported by Walcott et at. (2003) can occur. Provided that PCR products detected during the early development of citrus seedlings are not the result of crosscontamination, detection suggests that bacterial cells or bacterial DNA must somehow be translocated into the tissue of the developing seedling.
In contrast to most angiosperms, citrus exhibits a polyembryonie seed formation in which nonzygotie embryos are initiated directly from the maternal, nucellar cells surrounding the embryo sac, which contains the developing zygotic embryo (Koltunow, 1993) . Growth of the nueellar embryos is generally more vigorous and the zygotic embryo often does not form a viable seedling (Frost and Soost, 1968) . As the seed matures, the nacelles is isolated from the vascular tissues in the chalaza and the integuments by several layers of epidermal cells, known as the brown layer. The nacelles is thought to function in the absorption and transtocation of nutritive material from the vascular tissue of the chalaza to the endosperm and the developing embryos (Schneider, 1968b) . Li et at. (2003) concluded that transmission of X. fastidiosa into the developing embryo could have occurred along with the ergastic material transported through the nucellus. However, it is unclear how the bacterium could gain entry into the xylem vessels. Despite the possibility that liberibacters and other bacteria can become entrapped within the seedcoat, it seems unlikely that they can enter the vascular system and spread systemically, because no vascular continuity exists between maternal tissue and the developing embryo. Whether some unidentified mechanism of movement could enable the pathogen to access the phloem during seedling development remains to be investigated.
With regard to the nucellar form of embryony in citrus, it seems probable that a few bacterial cells may be translocated from the vascular plexus of the chalaza into the nucellus during the initial stages of seed development where they may become enveloped .by the developing nueellar embryo. This would explain why Ca. L. 'asiaticus can be detected at a very low frequency in seedlings within the first few months after germination. Alternatively, bacterial transmission may occur externally through contact of the cotyledons or the embryo with the adhering infected seedcoat, as was demonstrated in a study by Kaufman and Leben (1974) on blight-infected soybeans. The fact that Cu. U. asiaticus was not detected at later time points during seedling development and that no disease symptoms typical for HLI3 were observed suggests that the pathogen did not exist in a viable form or in susceptible tissues or that environmental conditions were not conducive to the multiplication necessary for virulence.
In conclusion, infection of citrus fruit with HLB negatively affected seed weight, seed germination, and seedling size. Yet, despite the detection of PCR products for Ca. L. asiaticus in a small percentage of seedlings, none of the seedlings derived from infected fruit developed HLB disease throughout the duration of the experiment, suggesting that the pathogen was not transmitted into the seedling in a way permitting disease development. Four hundred seedlings are currently being kept in our greenhouses for further observations and PCR analysis.
